The reaction of perfluorotoluene and 2-mercaptoethanol in the presence of K2CO3 in DMF has been studied and experimental procedures for selective introduction of one, two and three ethanolthiyl groups into perfluorotoluene have been elaborated.
Introduction
For the last few decades, intensive investigations have been devoted to materials that demonstrate non-linear optical (NLO) properties and various strategies for the synthesis of dendrimer materials with NLO properties have been described. [1] [2] [3] Moreover, some results provide evidence that the correct choice of 'a suitable isolation group' might have a strong influence on the macroscopic NLO properties in polymers. 4 For example, the introduction of polyfluoroarenes as isolation groups improves the stability and enhances the second harmonic coefficient d33. 5, 6 It was also shown that tetrafluorophenylene-linkages compared to non-fluorinated ones provided higher quantum yields of fluorescence, but with smaller two-photon absorptivity. 7 The use of fluorinated species can also aid in the formation of non-covalent interactions that improve the organization of the molecules in the crystal phase and thus the electrooptic properties. 4, 8 For these reasons, a notable number of studies were devoted to the synthesis of polyfluorinated arylenes. [9] [10] [11] [12] Recently, a versatile method for construction of fluorinated poly(aryl thioethers) was developed based on organo-catalyzed nucleophilic aromatic substitution of silyl-protected dithiols. 13 The current work investigates the transformations of perfluorotoluene under the action of 2-mercaptoethanol and has been aimed at the synthesis of substituted derivatives of perfluorotoluene as potential blocks for dendrimer construction. The study focused on the regioselectivity of the reaction and elaboration of reliable synthetic procedures. 2-Mercaptoethanol was selected because its hydroxyl groups enable the further functionalization of the products while the sulfur can be oxidized to either the sulfoxide or sulfone state. Examples of the reactions of polyfluoroarenes with excess of S-nucleophiles are known. [14] [15] [16] 
Results and Discussion
The reaction of perfluorotoluene (1) with an equimolar amount of 2-mercaptoethanol (2) in the presence of potassium carbonate afforded 2-{[2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl]thio}ethan-1-ol (3). Potassium carbonate was used to transform thiol 2 to an even more nucleophilic thiolate-anion. The direction of aromatic nucleophilic fluorine substitution was typical for the reactions of subsituted pentafluorophenyls (C6F5X) with various nucleophiles. 17 Recently, kinetics for the nucleophilic aromatic monosubstitution of parafluorine by the action of thiol 2 in aq. MeCN were measured for a series of polyfluoroarenes C6F5X, including compound 1. 18 Compound 3 was also obtained by alkylation of 2,3,5,6-tetrafluoro-4-trifluoromethylbenzenethiol (4) by 2-chloroethanol (5) in aqueous alkali.
When arene 1 reacted with thiol 2 (2 equiv), a mixture of mono-(3), di-(6) and trisubstituted (7) perfluorotoluenes in the ratio 43 : 17 : 40 ( 19 F NMR) was formed, while the action of 3 equivalents of thiol 2 to compound 1 afforded exclusively trisubstituted compound 7 (70%) in a one-pot procedure. On the one hand, the nucleophilic substitution of fluorine at the C3 position of compound 3 was well known and the regioselectivity was attributed to the directing effects of the electron-withdrawing trifluoromethyl and electron-donating alkanethiyl groups. On the other hand, the introduction of one more alkanethiyl group assists the subsequent nucleophilic substitution of fluorine in the para-position to it (6, 6 F) with formation of compound 7. 16 The analogous reaction pathway has been observed in reactions of other polyfluoroarenes. For example, the reaction of 1,2,4,5-tetrafluorobenzene with sodium tert-butylthiolate gave 1,4-bis(tertbutylthio)-2,5-difluorobenzene in 87% yield. 19 Transformations of hexafluorobenzene under the action of sodium isopropylthiolate or cesium propylthiolate led to the formation of 1,4-bis(isopropylthio)-2,3,5,6-tetrafluorobenzene and 1,4-bis(propylthio)-2,3,5,6-tetrafluorobenzene in 71 and 81% yields, respectively. 19, 20 Furthermore, the reaction of a 1:1 ratio of hexafluorobenzene with 2-mercaptoethanol (2) or sodium 2-hydroxyethanethiolate in liquid ammonia gave exclusively the 2,2'-(perfluoro-1,4-phenylene)bis(sulfanediyl)-diethanol in ~100% yield 21 which was consistent with our results. The observed results were attributed to the greater polarizability of the sulfur than fluorine atom. 22 A structure specific synthesis of the disubstituted product 6 was achieved from compound 3 in 2 steps: arene 3 was reacted with potassium hydrosulfide to afford thiol 8, which was subsequently treated with 2-chloroethanol (5) (Scheme 1). Scheme 1. Synthesis of mono-(3), di-(6) and trisubstituted (7) polylfluoroarenes from perfluorotoluene (1) and 2-mercaptoethanol (2)
Conclusions
The selective introduction of one, two and three 2-hydroxyethylthio groups into perfluorotoluene has been realized and the regioselectivity of the process has been revealed. The results add to the experimental data on the aromatic nucleophilic substitution in polyfluoroarenes by the action of S-centered nucleophiles. The approach will be useful for the synthesis of branched structures with 1,2,4-trisulfanyl substitution patterns in polyfluorinated benzene cores. . IR spectra were recorded on a spectrophotometer Bruker Vector 22 from pellets with KBr for solid and from films for liquid samples. UV spectra were obtained on a spectrophotometer Hewlett Packard 8453 from solutions in ethanol. The molecular mass and elemental composition was determined from the high resolution mass spectra taken on Thermo Electron Corporation DFS instrument (ionizing electrons energy 70 eV). Elemental analysis was performed on an EURO EA 3000 automatic CHNS analyzer. 23 Fluorine determination was performed spectrophotometrically using a Cary-50 spectrophotometer. GC-MS spectra were measured on Hewlett-Packard G1081A instrument equipped with a gas chromatograph HP 5890 Series II and a mass-selective detector HP 5971 (EI, 70 eV), capillary column HP-5 (5% of diphenyl-, 95% dimethylsiloxane) 30 m × 0.25 mm × 0.25 μm, carrier gas helium, flow rate 1 mL/min. Injector temperature 280 °С, ion source temperature 173 °С. Scanning rate 1.2 scan/s in mass region 30-650 а.u.m. Analytic GLC was carried out on a chromatograph Hewlett Packard 5980, equipped with a quartz capillary column HP-5 (stationary phase dimethyl diphenyl polysiloxane block copolymer), 30 m × 0.52 mm × 2.6 μm, and a thermal conductivity detector (TCD). The melting points were measured on a Koeffler heating block and are uncorrected. All starting compounds are widely used commercially available products of reagent grade and purified in the usual manner whenever necessary prior to use. Perfluorotoluene (1, 97%) was obtained from P&M Invest, and 2,3,5,6-tetrafluoro-4-(trifluoromethyl)benzenethiol (4) was obtained from compound 1 according to described procedure. 24 
2-{[2,3,5,6-Tetrafluoro-4-(trifluoromethyl)phenyl]thio}ethan-1-ol (3)
. Procedure A. Reaction of perfluorotoluene (1) and 2-mercaptoethanol (2) in ratio 1:1. Compound 2 (11.44 g, 145.96 mmol) was added to the solution of arene 1 (33.82 g, 141.84 mmol) in DMF (290 mL) in the presence of K2CO3 (21.24 g, 152.14 mmol). After 4.5 h stirring at room temperature the resulted mixture was poured into 5% aq. HCl (500 mL), the organic layer was washed with water (2 × 250 mL) and dried (MgSO4). The crude product (35.28 g, 95% GLC, 80% yield) was purified by vacuum distillation. Procedure B. Alkylation of 2,3,5,6-tetrafluoro-4-(trifluoromethyl)benzenethiol (4) by 2-chloroethanol (5). Arenethiol 4 (4.54 g, 18.2 mmol) was dissolved in 1 M NaOH (20 mL), then compound 5 (3.54 g, 44.0 mmol) was added. After stirring overnight at room temperature, the mixture was extracted with CHCl3 (2 × 10 mL), washed with water (2 × 50 mL), dried (MgSO4) and the solvent was evaporated to give compound 2-{[2,3,6-Trifluoro-5-mercapto-4-(trifluoromethyl)phenyl]thio}ethanol (8) . A solution of potassium hydrosulfide in 1,2-ethanediol (4 M, 41 mL, ca. 164 mmol) was prepared according to a previously described procedure 24 and was added dropwise to a solution of compound 3 (25.7 g, 98%, 85.61 mmol) in DMF (155 mL) for 35 min at 24-28 °С and the reaction mixture was stirred for 2 h at 28-23 °C, poured into 15% aq. HCl (300 mL) and extracted with CH2Cl2 (2 × 20 mL). The extract was washed with water (3 × 50 mL) and dried (MgSO4). The solvent was distilled off, and the residue was crystallized to give thiol 8 (16. 
